The equation of the difference between reverse and forward Gibbs free energy of activation (∆∆ # ) reflects Michaelis-Menten constant (K M ) in both directions; this may not be applicable to all enzymes even if the reverse reaction is speculatively Michaelian. Arrhenius activation energy, E a and exp − ∆ # ⁄ are considered = ∆ # and K M respectively. The equations are considered unlikely. Objectives: The objectives of this research are: 1) To derive what is considered as an appropriate equation for the determination of the difference in ∆ # between the reverse and forward directions, 2) calculate the difference between the reverse and total forward ∆ #, and 3) show reasons why E a  ∆ # in all cases. Methods: A major theoretical research and experimentation using Bernfeld method.
INTRODUCTION
The word thermodynamic is from Greek words for "heat" and "power" and it is the study of heat, work, energy and the changes they produce in the states of a system [1] . It is also defined as the study of the relation of temperature to the macroscopic properties of matter [1] . It is not just temperature, but other elements of thermodynamics that are of concern. Hence, there has been great interest in the thermodynamics of biological processes [2] . While thermodynamic activation parameter of interest had been on enthalpy of activation, there had been a shift in recent time towards free energy of activation [2] . According to Low, et al. [3] the Gibbs free energy of activation ( ∆ # ) and the enthalpy of activation (ΔH # ) for the formation of the enzymesubstrate complex, ES (where # means activation; ΔG and ΔH are the free energy and enthalpy changes respectively) have been used as indexes of catalytic efficiency. This is despite the reliance by biologist on E a (activation energy) as index of catalytic efficiency. This is as a result of the fact that while E a could be a good index for catalytic efficiency, in terms of the enzymes' ability to reduce the energy barrier, it is still contingent upon uniformity or similarity in the entropy of activation for all conditions for the same or different enzyme [2] . Whatever be the case, an appropriate interpretation of E a and ∆ # is needed in order to generate relevant data; this is against the backdrop of the claim that E a and ∆ # are equal [4] . Appropriate data (even if based on improvisation) enables proper characterisation, in terms of changes in conformational stability of biomolecules due to temperature changes [5] and the effect of osmolyte [6] . This is for the purpose of application in various industrial establishments [7] , the pharmaceutical and food industries in particular; all industries may be important but the most important is food industry whose role is food preservation in raw and processed form. The formulation of infant food and preparation of all kinds of balanced diet without consideration for thermodynamic imperatives for storage leads to wastage. However, there seems to be either a misinterpretation resulting in controversy surrounding the difference between activation energy of the forward and reverse reaction in the scheme
Where k 1 , k 2 , k -1 , E, S, ES, and P are 2 nd order rate constant, rate constant for the formation of product, reverse rate constant, enzyme, substrate, enzyme-substrate complex, and product respectively. The mathematical model presents the Michaelis-Menten constant K M as one applicable in the forward and reverse direction [4] . There is need to bring into relevance appropriate enzymatic kinetic constants based on appropriate equations. It seems kinetic issues at steady-state in the literature may run into conflict if rate constant (or the turnover number) is generally used regardless of reaction systems' conditions, either pre-steady-state or steady-state. Another major controversy lies in the fact that E a is equated with ∆ # . There should be a way out of the controversial issues. Therefore, the objectives of this research are: 1) To derive what is considered as an appropriate equation for the determination of the difference in ∆ # between the reverse and forward directions, 2) calculate the difference between the reverse and forward Gibbs free energy of activation, and 3) show reasons why E a  ∆ # in all cases.
THEORY
There are issues with the equations for the determination of Arrhenius activation energy and free energy of activation when such equations are transformed into linear form for graphical purpose that is often ignored in literature. The free energy of activation enunciated in literature [4] has minor issue. The equation of the free energy of activation is seen to be the same as the Arrhenius equation of activation energy. The mathematical form or equation seems useful but their claims need to be examined. A well known equation found in literature [4] [4, 8] is:
Where, k cat and K s are turnover number (or rate of formation of product) and enzyme-substrate complex dissociation constant and the parameter ∆ # is the free energy of activation. In order to reveal important issue in Eq. (2), it needs to be rearranged to give
The issue in Eq. (3) is that despite the fact that K S is given as k -1 /k 1 (where k -1 and k 1 are reverse rate constant for the process ES  E + S, and 2 nd order rate constant for the formation of ES) in which its unit is L/mol/min (though it can be in L/g/min), the impression seem to be that it is dimensionless. If not, Eq. (3) cannot be valid because exp (∆ # / ) − I n ≠ K S whose unit is either L/mol/min or L/g/min.
If two different substrates or enzymes are compared by applying Haldane relationship [4] from the perspective of equilibrium constant given as = ( ⁄ ) ( ⁄ ) , there may be no issue of dimensional inconsistency. However, the original form of Haldane relationship for subsaturating [S] is given as:
Where, the subscripts, r and f, denote reverse and forward directions respectively. The equation for the saturating [S] is:
Copeland [4] sees Eq. (4a) and Eq. (4b), as the Haldane relationship, which provides a useful measure of the directionality of an enzymatic reaction under a specific set of solution conditions. Both equations may be rewritten as
However, the author [4] refers to enzymes that can catalyse the backward reaction. One may add that there is one ultimate direction, either product-free enzyme direction (k 2 > k -1 ) or substrate-free enzyme direction (k -1 > k 2 ). The important concern is that while
, the velocity of hydrolysis and the velocity of formation of ES respectively, it is not certain if v r = k r [E][P] (where k r is also a 2 nd order rate constant for the reverse (r) process, EP ← E + P ) is practicable for the same reaction system. In either direction, the ratio k cat /K M can be related to the free energy difference between the free reactants (E and S, in the forward direction) and the transition state complex ( ‡ ).
If the free energy of the reactant state is normalised to zero, the free energy difference is defined by [4, 8] :
Once again, there is need to recall that k cat refers to maximum molar concentration of maltose, the product, yielded per unit time divide by [E 0 ] in molar unit. Reasonably, the mass concentration of substrate at half maximum velocity of amylolysis should be equivalent to the molar concentration of maltose yet to be released from the glycosidic bond of the polysaccharide.
But both Eq. (4a) and Eq. (4b) are dimensionless. Nonetheless the controversial issue in contention is that, according to Copeland [4] ,
It is controversial because both apparent thermodynamic (G 0 ) and free energy of activation ( ∆ # ) have the same unit. Free energy = RT In X where X must be dimensionless. Now, G 0 = -RT In K M (or -RT In K S ) where R, T, K M and K S are gas constant, thermodynamic temperature, Michaelis-Menten constant and enzyme-substrate complex dissociation constant respectively; ∆ # =RT In (k B T/hk x ) where k x is any kind of 1 st order rate constant. One can see that k B T/hk x unlike K M (or K S ) is dimensionless and if so how can both G 0 and ∆G # possess the same unit? This is clearly another controversial issue.
Before proceeding further, there is need to justify Eq. (6a). It is known that ∆ # = ∆ # − ∆ # and since ∆ # = − , it means that − − ∆ # should be equal to zero = − ∆ # . The implication is that ∆ # must always possess a negative value. Rearrangement of Eq. (6a) gives:
Recall that the Gibbs free energy of activation for the formation of product, P is given as: ∆ # = I n but exp − I n ⁄ derived from Eq. (6b) ≠ ( ) . This is another controversial issue that needs to be re-examined but before then,
The magnitude of Gibbs free energy of activation as against E a is seen to be the true energy barrier, and consequently, Gibbs free energy of activation unlike E a can be used as a quantitative index of catalytic efficiency [3] . This is despite the view by Copeland [4] that the over-all activation energy E a (this can be called Arrhenius activation energy) is composed of G ES and ∆ ; the term ∆ (this can be called Gibbs activation energy) is the amount of energy that must be expended to reach the transition state while G ES is the net energy gain that results from the realisation of ES binding energy gain [4] . The questions are: Does ∆ # possess exclusive rate constant (or turn-over number) given as part of Eyring equation and is E a = H # + R T no longer relevant?
Meanwhile, the free energy of reaction is given
where v and t are the velocity of catalysis and duration of assay respectively. This goes to show that exp (G/RT) = K x must be a dimensionless equilibrium constant. There is need therefore, to restate Eq. 6b after some derivations. Meanwhile a proposed equation is k 1 = (k -1 + k 2 ) M p /K M (in a submitted manuscript) with the understanding that any [S] including K M (or K S ) is equivalent to a number of moles of maltose = [S]/M p and K M /M p (or K S /M p ) in a bonded state. Meanwhile, the velocity (v 1 ) of formation of ES is given as v
where v -1 is the velocity of dissociation of ES into E and S. However, the equation is applicable to steady state condition such that the rate of breakdown of [4] . This is strangely unlike the report that at steady state v = [P]/t (https://en.wikipedia.org). The implication is that both the formation and breakdown of ES exercise 1 st order rate constant
. But it is better if the 1 st order rate constant is determined for each substrate during pre-steady-state. Meanwhile according to Schnell and Maini [9] , the net rate of formation of ES is given as:
A double reciprocal plot of k es versus [S] gives an intercept whose reciprocal gives the maximum k ES as the pre-steady-state 1 st order rate constant for the formation of ES in a way similar to the steady-state situation described above. What needs to be considered is that during a pre-steady-state condition maximum velocity is not attained (absence of zero order); this implies that the rate constant is 
The determination of k -1 is briefly described in method's subsection. However, Eq. (12a) excludes the scheme or process,
where k ES is applicable; its inclusion means that Eq. (12a) can be written as
Equation (12b) represents the difference in free energy between the forward and backward reactions for the enzymes which cannot catalyse the process, EP ← E + P.
The approach by Buurma et al. [10] , the concept of ideal reference state is adopted but not with any presumption of validity because ⁄ does not amount to an experimental dimensionless equilibrium constant. Hence, Eq. (5) can be restated as: Where, A is a well known pre-exponential (frequency) factor. The author [11] proposes an apparent activation energy given as
Equation (14b) is clearly a slope from the plot of I n k x versus 1/T.
There is an insinuation that such original equation is suitable for a less precise ratetemperature data and in particular, those covering a narrow temperature range. For the analysis of more precise rate-temperature data, particularly those covering a wide temperature range, A is seen to be proportional to T raised to a power m (though there is no evidence that m is a positive integer), so that the equation is restated as [12] : [13] hold the valid view that a number of investigators have noted deviations from the equation when plotting temperature versus enzyme-catalyzed rates, as to imply a more complex temperature dependence for these systems.
As stated earlier, the Gibbs free energy of activation is always calculated (see far right of Eq. (15)). Otherwise, a plot of In( ⁄ ) versus 1/T (which is unusual) would mean that the slope is equal to −∆ # ⁄ (see Eq. (13c)). The same plot can also give the slope as − (Eq. (16)). This represents another controversial outcome. Then the question is where does one go from here? Nonetheless, accepting ∆ # ⁄ as slope only leads to a conclusion that sometimes, ∆ # = on the condition that ∆ # is equal to R but opposite in sign but of questionable validity. This is highly controversial considering the fact that, Eq. (16) ab initio, clearly specified E a /R as a slope if In (k x /T) is plotted versus 1/T. Nonetheless the slope remains the same regardless of the form of the equation including
In ( ⁄ ) = (∆ # ⁄ ) + In ( ℎ ⁄ ) − ∆ # ⁄ . It would appear therefore, that neither the linearisation of Erying equation nor the impression that ∆ # is consistently = E a is valid. It is very likely that E a is either > or < ∆ #. The equality of ∆ # and E a may be conditional rather than mathematical in nature.
MATERIALS AND METHODS

Materials
Chemicals
Porcine pancreatic alpha amylase (PPAA) (EC 3.2.1.1) and potato starch were purchased from Sigma -Aldrich, USA. Tris 3, 5 -dinitrosalicylic acid, maltose, and sodium potassium tartrate tetrahydrate were purchased from Kem light laboratories Mumbai, India. Hydrochloric acid, sodium hydroxide, and sodium chloride were purchased from BDH Chemical Ltd, Poole England. Distilled water was purchased from local market. Calcium chloride was purchased from Lab Tech Chemicals, India. The molar mass of the enzyme is 55 k Da [11] .
Equipment
Electronic weighing machine was purchased from Wensar Weighing Scale Limited and 721/722 visible spectrophotometer was purchased from Spectrum Instruments, China; pH meter was purchased from Hanna Instruments, Italy.
Methods
The method reported here is as previously adopted but restated here for quick reference [14] . The enzyme was assayed according to Bernfeld method [15] using raw potato starch whose concentration range was 5-10 g/L. Reducing sugar produced upon hydrolysis of the substrate at room temperature using maltose as standard was determined at 540 nm with extinction coefficient equal to ~ 181 L/mol.cm. The duration of assay was 5 min. 500 g/mL of porcine pancreatic alpha-amylase was prepared in Tris HCl buffer at pH = 7.4 as described elsewhere [14] . An assay of the enzyme was done with and without calcium chloride in a total reaction mixture of 3 mL composed of 1 mL of substrate (raw potato starch), 1 mL of enzyme, 0.5 mL of calcium chloride and 0.5 mL of distilled (or 1 mL of distilled water where calcium chloride is not included in the reaction mixture). Assay was conducted at 310.15 K in an improvised water-bath. The primary kinetic parameters, K M and v max were extrapolated from double reciprocal plot of Lineweaver-Burk [16] .The duration of the formation of ES is given as [submitted manuscript]
Where, k and t (this « 1 s) are the pseudo-first order rate constant and the duration of ES formation respectively. A plot of the left hand side (LHS) versus k gives a slope = t; k is determined according to the equation [submitted manuscript]: 
Statistical Analysis
The values of the velocities of hydrolysis of starch are expressed as mean ± SD; sample size, n, is equal to 4. A method described by Hozo et al. [17] was used to determine the SD.
The mean values of velocities from different duration of assay were used for the determination of relevant parameters.
RESULTS AND DISCUSSION
In the light of the kinetic issues presented in theory section, there is need to justify it with experimental results. The enzyme PPAA was assayed to generate the velocities of amylolysis with different concentration of the substrate at different temperatures ranging between 298.15 and 333.15 K. The results were used to determine calculationally and graphically all kinetic and thermodynamic activation parameters (Table 1) as may be applicable.
It is obvious that for any time regime much greater than 1/k 2 , a substantial amount of the substrate may have been converted to a product. Hence, Eq. (7b) may be relevant. However, the appearance of k 2 seems to suggest that an approach of d[ ES ]/dt to zero (zero-order kinetics) has been achieved. In the light of the issues raised in the theoretical section, this paragraph begins with a clear-cut explanation of what Gibbs free energy of activation and Arrhenius activation energy stands for. The minimum amount of energy-kinetic energy-which reactants need to become reactive and proceed to product, is called activation energy. The minimum energy must be equal to what Blamire [18] calls potential chemical energy (PCE) "locked" up in the chemical bonds of the reactants. Gibbs free energy is a part of the PCE that may be available for useful work. Substantial part of the rest may be lost as heat, the entropic expansion outcome.
The PCE is an intrinsic property of the reactant molecules; molecular motion which increases the frequency of collision is extrinsic in nature, and it increases the possibility of encounter complex formation. Therefore, Arrhenius activation, E a covers both intrinsic and extrinsic energies. The absorption of heat from the system and supply of heat (endothermicity) enables the breaking of bonds; this implies overcoming the "energy barrier" and consequently the PCE. A catalyst, abiotic and biotic lowers the amount of heat that needs to be supplied because of its effect of weakening the bond, reducing in the process the potential chemical energy, leading to increase in entropy in the transition state complex; the increase in positive entropy means that the free energy of activation would be lowered. In this regard, Arcus [11] opined that the tight binding of the transition state significantly lowers ∆ # for the reaction, leading to the extraordinary rate enhancements. Free energy of activation is defined as the free energy difference between reactive reactants and the total reactants [1] . In thermodynamics, the Gibbs free energy is a thermodynamic potential that can be used to calculate the maximum of reversible work that may be performed by a thermodynamic system at a constant temperature and pressure (https://en.wikipedia.org/wiki/Gibbs_free_energy) . As this research shows (Table 3 and foot note  under Table 3 ), the Arrhenius activation energy with salt is higher than without salt. Whereas with salt, the Gibbs free energy of activation is lower than without salt. The nature of the substrate, raw starch in this research, may be a contributory factor in this regard. The presence of additive in the reaction mixture can influence the magnitude of the Arrhenius activation energy and its corresponding pre-exponential factor as shown as footnote under Table 3 ; both parameters with the salt were larger than without the salt.
In the light of Eq. (7f) and the motivational fact that k 1 ([E][S]/[ES]) = k -1 + k 2 (under steady-state condition), the total forward Gibbs energy of activation minus the reverse Gibbs free energy of activation were calculated; the results (Table 3) show that there was much greater reverse reaction as to imply a low affinity of the enzyme for the substrate. Hence k -1 >k ES and it is » k 2 ( Table  2) .Thus, contrary to suggestion elsewhere, ∆ # = [4] may not always be the case and, recall that, E a = H # + RT and RT  +TS # (R  S # ). The Gibbs free energy of activation ∆ # is the standard Gibbs energy difference between the transition state of a reaction (either an elementary reaction or a stepwise reaction) and the ground state of the reactants [19].
CONCLUSION
The equations for the calculation of the difference in free energy of activation (∆∆ # ) between the forward and reverse directions and a dimensionless equilibrium constant for the formation of enzyme-substrate (ES) were derivable. The large positive value of the ∆∆ # shows that the forward reaction is not substantially spontaneous; this is due perhaps, to the nature of the substrate. The equality of Arrhenius activation energy (E a ) and ∆ # may not be ruled out completely but it must not always be the case; the presence of additive like salt can increase the magnitude of E a well above the values of the ∆ # . A dimensionless equilibrium constant for the net yield of ES seems to be a better alternative than K M . The E a unlike ∆ # requires at least two different temperatures for its calculation. Peer-review history: The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/53498
